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Abstract
Open heavy flavour and J/ψ production are powerful tools to test pQCD predictions in proton-proton (pp) collisions
in the new LHC energy regime. In addition, they provide the necessary reference for the ALICE heavy-ion program.
The ALICE experiment at the LHC collected pp collision data at
√
s = 7 and 2.76 TeV in 2010 and 2011. We report
here the latest results of open heavy flavour and J/ψ production at both mid- and forward-rapidity via several hadronic
and leptonic decay channels. These include, among other topics, the first LHC result on J/ψ polarization, multiplicity
dependence of the J/ψ production, D-meson measurement down to low transverse momentum (pT) and J/ψ production
from B-hadron decays. Comparisons with different theoretical models will be discussed as well.
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1. Introduction
The study of open heavy flavour and quarkonium production in pp collisions has a twofold interest.
On one hand, these measurements are a fundamental testing ground of QCD calculations provided by several the-
oretical models in the new LHC energy regime (
√
s = 7 and 2.76 TeV). For the open flavours, priority has been given
to the measurement of the production cross section of charm and beauty hadrons (down to low pT) and to compare
the experimental results with pQCD predictions. For quarkonia, the aim is to understand better the production of
quarkonium states which is still a challenge for theoretical models. On the other hand, pp collisions at
√
s = 2.76 TeV
provide a crucial reference for the measurements performed in Pb-Pb collisions at the same
√
s per nucleon pair.
ALICE [1] is the LHC experiment dedicated to heavy-ion studies. The setup includes a central barrel (-0.9 < η
< 0.9) and a forward muon spectrometer (-4 < η < -2.5). The barrel detectors, all located inside a large solenoidal
magnet, provide momentum measurement for charged particles with pT > 100 MeV/c and particle identification up to
pT ≈ 10 GeV/c. The detectors, used in this analysis, are the Inner Tracking System (ITS), the Time Projection Cham-
ber (TPC), the Transition Radiation Detector (TRD), the Time-Of-Flight (TOF) detector and the Electromagnetic
Calorimeter (EMCal). The ITS [2] consists of six layers of silicon detectors surrounding the beam pipe and it is used
for the vertex determination and track reconstruction close to the interaction point (IP). The TPC [3], a large cylindri-
cal drift detector, is the main tracking device in the central barrel and it provides also particle identification. The TPC
is surrounded by the Transition Radiation Detector (TRD) which provides a good separation of electrons from pions,
in particular for momenta above 1 GeV/c [4]. Finally at larger radii, at a distance of 3.7 m from the beam axis, the
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Time-Of-Flight (TOF) detector [5] serves to extend significantly the momentum range of particle identification and
an Electromagnetic Calorimeter (EMCal) [6] is located at 4.5 m from the beam line.
Muons with a momentum larger than 4 GeV/c are detected in the forward muon spectrometer. It consists of a
front absorber, a dipole magnet providing a field integral of 3 Tm, and tracking and trigger chambers. Tracking is
performed by means of five tracking stations, each composed of two planes of Cathode Pad Chambers. The trigger
system consists of two stations, each of which consists of two planes of Resistive Plate Chambers placed behind a
thick iron wall located downstream of the muon tracking system. Finally, two forward detectors (VZERO) are used
for triggering inelastic pp interactions and for the rejection of beam-gas events. They consist of scintillator arrays
covering the pseudorapidity ranges -3.7 < η < -1.7 and 2.8 < η < 5.1.
In these proceedings, we present results on open heavy flavour and J/ψ production based on 2010 (2011) pp data
at
√
s = 7 (2.76) TeV. The data sample corresponds to events collected with the minimum bias (MB) pp trigger which
is defined as the logical OR between two conditions: at least one hit in the ITS Silicon Pixel Detector (SPD) and a
signal in at least one of the two VZERO detectors. For the muon analysis, a more restrictive trigger is used (µ-MB).
It requires at least one hit in the muon trigger system in addition to the MB trigger requirements.
2. Results on Open heavy flavour production
In ALICE, open heavy flavour production can be studied in two different pseudorapidity regions. In the central
barrel, the study can be performed by measuring charmed D-meson production and electrons coming from semilep-
tonic decays of heavy flavour hadrons. On the other hand, in the forward muon spectrometer the production of muons
from heavy flavour hadron decays is measured.
The measurement of charmed D-mesons [7, 8] (D0, D+, D∗+ and D+s ) is performed via the topological reconstruc-
tion of the following decay channels: D0→K−pi+, D+→K−pi+pi+, D∗+→D0pi+, D+s→φpi+, and their charge conjugates.
Tracking is performed using the ITS and TPC detectors, and particle identification is made using the combined in-
formation from TPC and TOF. Finally, the reconstruction of the secondary vertices, required for the D-meson signal
extraction from the large combinatorial background, is made using the ITS detector. The pT-differential inclusive cross
sections of the prompt (B feed-down subtracted) charmed mesons D0, D+ and D∗+ in the rapidity range |y| < 0.51 were
measured in pp collisions at
√
s = 7 and 2.76 TeV. At
√
s = 7 TeV, the D-meson analysis, performed on a data sample
with an integrated luminosity Lint = 5 nb−1, covers the pT range 1 < pT < 24 (16 for D0) GeV/c. While at
√
s =
2.76 TeV, the study is performed on a data sample with Lint = 1.1 nb−1 over the pT range 2 < pT < 12 GeV/c (1 <
pT < 12 GeV/c for the D0). D+s mesons have been measured at
√
s = 7 TeV in the pT range 2 < pT < 12 GeV/c at
mid-rapidity (|y| < 0.5) for a data sample with Lint = 4.8 nb−1[9]. In Figure 1 (left) the pT -differential inclusive cross
sections for prompt D-mesons in pp collisions at
√
s = 7 TeV are shown. The fraction of directly produced D-mesons,
not fed down from B meson decays, was evaluated using the B production cross section from the FONLL pQCD
calculations [10–12]. The fraction is estimated to be in a range between 80% and 90% depending on the pT interval.
The measured D-meson production differential cross sections are compared to two theoretical predictions, namely
FONLL and GM-VFNS [13, 14]. Both calculations are compatible with the measurements within the uncertainties.
Finally, the total charm production cross sections at
√
s = 7 and 2.76 TeV are obtained by extrapolating the data to the
full phase space using the FONLL calculations. See [8] for detailed discussions on the total charm cross sections.
The measurement of electrons from semileptonic heavy flavour hadron decays has been performed in ALICE [15]
at mid-rapidity (|y| < 0.5) in pp collisions at √s = 7 TeV in the transverse momentum range 0.5 < pT < 8 GeV/c.
The first step in the analysis is the electron identification which is provided by means of several detectors (TOF-TRD-
TPC-EMCal). Then the electron background from sources other than semileptonic heavy flavour hadron decays is
calculated using a Monte Carlo cocktail approach and subtracted from the inclusive electron spectra. Within the ex-
perimental and theoretical uncertainties FONLL is in agreement with the ALICE measurements. The production cross
section of electrons from semileptonic decays of beauty hadrons has been also measured with the ALICE experiment
at mid-rapidity (|y| < 0.8) in the transverse momentum range 1 < pT < 8 GeV/c. Electrons from beauty-hadron decays
were selected based on the displacement of the decay vertex from the pp collision (primary) vertex. A pQCD FONLL
calculation has been compared to data and agrees with the measurement within uncertainties.
1The analysis of open heavy flavours is performed in rapidity regions smaller than the one coverer by the central barrel in order to have an
uniform acceptance.
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Fig. 3: Double differential J/! production cross section at√s= 2.76 TeV compared to previous ALICE results at√s= 7 TeV [5]. The vertical error bars represent the statistical errors while the boxes correspond to the systematic
uncertainties. The systematic uncertainties on luminosity are not included. The results are compared with a NLO
NRQCD calculation [26] performed in the region pt > 3 GeV/c.
Table 2: The 〈pt〉 and 〈p2t 〉 values for inclusive J/! production measured by ALICE. Statistical and systematic
uncertainties are quoted separately.
〈pt〉 (GeV/c) 〈p2T〉 (GeV/c)2√s= 2.76 TeV, 2.5< y< 4 2.28 ± 0.07 ± 0.04 7.06 ± 0.40 ± 0.22√s= 7 TeV, |y|< 0.9 2.72 ± 0.21 ± 0.28 10.02 ± 1.40 ± 1.80√s= 7 TeV, 2.5< y< 4 2.44 ± 0.09 ± 0.06 8.32 ± 0.50 ± 0.35
Figure 4 presents the √s-dependence of the inclusive J/! 〈pt〉, for various fixed-target and collider
experiments [3, 5–7, 9, 27]. The results show a roughly linear increase of 〈pt〉 with ln(
√s), with slightly
larger 〈pt〉 values at central rapidity. The numerical values for both 〈pt〉 and 〈p2t 〉 are quoted in Table 2.
In Fig. 5 we present the results for d"J/!/dy at
√s= 2.76 TeV, compared with the previously published√s= 7 TeV results. The numerical values corresponding to the results presented in Fig. 3 and Fig. 5 are
shown in Table 3, together with the number of signal events and with the values for A× # . Most sources
of systematic uncertainty are common or strongly bin-to-bin correlated, except, as outlined before, the
ones related to the signal extraction and to the MC inputs that are therefore quoted separately in Table 3.
The kinematic coverage of the ALICE experiment is unique among the LHC experiments due to the very
good acceptance down to pt = 0 at central rapidity. This feature allows a comparison of the pt-integrated
midrapidity cross sections with those from lower energy collider experiments. The result is displayed in
Fig. 6, where the d"J/!/dy values from ALICE for the two energies are shown together with results from
RHIC [9] and Tevatron [7] experiments, as a function of √s.
Figure 1: (left) pT -differential inclusive cross section for prompt D-mesons in pp at
√
s = 7 T V [7]. (righ ) Double differential J/ψ production
cross section at
√
s = 7 and 2.76 TeV. The results are compared with a NLO NRQCD calculation performed in the region pT > 3 G V/c [16].
In the forward rapidity region (2.5 < y < 4)2, the production of muons from heavy flavour hadron decays in
pp collisions at
√
s = 7 and 2.76 TeV was measured [17, 18]. The analysis is carried out on a data sample with
Lint = 16.5 and 19 nb−1, respectively. The muon identification is performed by means of the muon trigger system,
behind the iron wall, which allows to correctly select the muon candidates (with 99.9% purity). The subtraction of
the background component, whose main sources are decays of primary pions and kaons, is based on Monte Carlo
simulation (PYTHIA and PHOJET). The pT- and y-differential cross sections of muons from heavy flavour decays
(in the pT range 2 < pT < 12 GeV/c at
√
s = 7 TeV and 2 < pT < 10 GeV/c at
√
s = 2.76 TeV) have been compared
to FONLL pQCD predictions. The ALICE results are well reproduced by the calculations within experimental and
theoretical uncertainties.
3. Results on J/ψ production
In ALICE, the J/ψ production can be studied in the e+e− decay channel in the central rapidity region (|y| < 0.9),
while the µ+µ− decay channel is accessible in the forward rapidity regi (2.5 < < 4). The analysis of the J/ψ
production in pp collisions at
√
s = 7 TeV (2.76 TeV), is performed, in the dimuon channel, on a data sample with
Lint = 15.6 nb−1 (19.9 nb−1), and in the dielectron channel with Lint = 5.6 nb−1 (1.1 b−1).
The inclusive dσJ/ψ/dy cross sections in the two rapidity ranges, for the two energies, were measured [21, 16]. In
the forward-y range, the pT-differential cross section was measured in the transverse momentum range 0 < pT < 8
GeV/c. The d2σJ/ψ/dydpT for the two energies is shown in Figure 1 (right) where the two distributions are compared,
in the region pT > 3 GeV/c, with a NLO NRQCD calculation which reproduces well the experimental data.
The study of the J/ψ→µ+µ− events in pp collisions at √s = 7 TeV has also allowed to measure the polar (θ)
and azimuthal (φ) angle distribution of the decay muons. From this study, performed in the region 2.5 < y < 4 and
2 < pT < 8 GeV/c, the J/ψ polarization parameters λθ and λφ can be obtained in two different reference frames: the
helicity (HE) and the Collins-Soper (CS) frame (see [19] for details). Figure 2 (left) shows the results for inclusive
J/ψ production. The two polarization parameters are consistent with zero, within the uncertainties, in both frames.
The J/ψ production at
√
s = 7 TeV has also been studied as a function of the relative charged particle pseudo-
rapidity density, measured in the ITS (|y| < 1.6), both in the dielectron and in the dimuon channel [20]. The highest
charged particle multiplicity density that we reach in this analysis is similar to the one measured in semi-peripheral
2The ALICE muon spectrometer covers a negative η range and, consequently, a negative y range. However, since in pp collisions the physics is
symmetric with respect to y = 0, the negative sign when quoting the rapidity values has been dropped.
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evaluated by varying the efficiency values for each detector
element by 2% with respect to the default values in the
simulation. This choice is related to the estimated uncer-
tainty on the detector efficiency calculation. For the sec-
ond, we have used the rather conservative choice of
comparing the reference results, obtained with realistic
dead channel maps, with those relative to an ideal detector
setup. The result is typically 0.03–0.04. Finally, by quad-
ratically combining the results for the various sources,
values between 0.04 and 0.21 are obtained for the global
systematic uncertainties.
In Fig. 3, we show the results on !" and !# for inclusive
J=c production. In both frames, all the parameters are
compatible with zero, with a possible hint for a longitudi-
nal polarization at low pt (at a 1:6$ level) in the HE frame.
The numerical values are given in Table I.
The inclusive J=c yield is composed of a ‘‘prompt’’
component [direct J=c þ decay of the c ð2SÞ and %c
resonances] and of a component from B-meson decays.
In the pt range accessed in this analysis, the B-meson
decay component accounts for 10% (2<pT<3GeV=c),
12% (3<pT < 4 GeV=c), and 15% (4< pT < 8 GeV=c)
of the inclusive yield, according to the LHCb measure-
ments carried out in our same kinematical domain [15].
The polarization of the nonprompt component is expected
to be quite small. In fact, even if a sizable polarization were
observed when the polarization axis refers to the B-meson
direction [25], it would be strongly smeared when it is
calculated with respect to the direction of the decay J=c
[15], as observed by CDF, who measured in this way
!"ðJ=c  BÞ $ %0:1 in the HE frame [5]. By assuming
conservatively j!"ðJ=c  BÞj< 0:2 for both frames, and
taking into account the fraction of the inclusive yield
coming from B-meson decays [15], the difference between
prompt and inclusive J=c polarization was estimated and
found to be at most 0.05, a value smaller than the system-
atic uncertainties of our measurements. Concerning
higher-mass charmonia, the %c ! J=c þ & decay cannot
be reconstructed in the muon spectrometer, and the
c ð2SÞ! '' statistics is currently too low. Values of the
feed-down ratios measured mainly by lower energy experi-
ments range from $10% for the c ð2SÞ [26] to 25%–30%
for the %c [27], implying that there could be a sizable
difference between direct and prompt J=c polarization.
The results presented in Fig. 3 extend the study of the
J=c polarization to LHC energies and therefore open up a
new testing ground for theoretical models. At present,
next-to-leading-order calculations for direct J=c polariza-
tion at the LHC via the color-singlet channel [10,12]
predict a large longitudinal polarization in the HE frame
(!" $%0:6) at pt $ 5 GeV=c, which is in contrast with
the vanishing polarization that we observe in such a trans-
verse momentum region. The contribution of the S-wave
color-octet channels was also worked out [9] and indicates
a significantly different trend (large transverse polariza-
tion) with respect to the color-singlet contribution, but
again in contrast with our result. In this situation, a rigor-
ous treatment on the theory side of all the color-octet terms
(includingP-wave contributions) is mandatory, as well as a
study of the contribution of %c and c ð2SÞ feed-down
which, as outlined before, is important for a quantitative
comparison with our result [28]. Such studies are presently
in progress, and the comparison of their outcome with the
results presented in this Letter will allow a very significant
test of the understanding of the heavy-quarkonium produc-
tion mechanisms in QCD-based models.
In summary, we have measured the polarization parame-
ters !" and !# for inclusive J=c production in
ffiffiffi
s
p ¼
7 TeV pp collisions at the LHC. The measurement was
carried out in the kinematical region 2:5< y< 4, 2<
pt < 8 GeV=c. The polarization parameters !" and !#
are consistent with zero, in both the helicity and Collins-
Soper reference frames. These results can be used as a
stringent constraint on the commonly adopted QCD frame-
work for heavy-quarkonium production.
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Fig. 3: The fraction of J/! from the decay of b-hadrons as a function of pt of J/! compared with results from
ATLAS [16] and CMS [18] in pp collisions at √s =7 TeV. The error bars represent the quadratic sum of the
statistical and systematic errors. Superimposed is the semi-phenomenological function fmodelB used to extrapolate
down to pt = 0.
4.2 Prompt J/! production
By combining the measurement of the inclusive J/! cross section, which was determined as described
in [17], and the fB value, the prompt J/! cross section was obtained:
"prompt J/! = (1− fB) ·"J/! . (14)
The numerical values of the inclusive J/! cross section in the pt ranges used for this analysis are sum-
marized in Table 2. In the measured region the integrated cross section is "prompt J/!(|y| < 0.9, pt >
1.3GeV/c) = 7.2±0.7(stat.)±1.0(syst.)+1.3(#HE=1)−1.2(#HE=−1)µb. The systematic uncertainties related to the un-known polarization are quoted for the reference frame where they are larger.
The differential distribution d
2"prompt J/!
dptdy is shown as a function of pt in Fig. 4 and the value of
d"prompt J/!
dy
is plotted in Fig. 5. The numerical values are summarized in Table 2. In Fig. 4 the statistical and
all systematic errors are added in quadrature for better visibility, while in Fig. 5 the error bar shows
the quadratic sum of statistical and systematic errors, except for the 3.5% systematic uncertainty on
luminosity and the 1% on the branching ratio (B.R.), which are added in quadrature and shown as box.
The results shown in Fig. 4 and Fig. 5 assume unpolarized J/! production. Systematic uncertainties due
to the unknown J/! polarization are not shown. Results by the CMS [14,18], LHCb [15] and ATLAS [16]
Collaborations are shown for comparison. Also for these data the uncertainties due to luminosity and to
the B.R. are shown separately (boxes) in Fig. 5, while the error bars represent the statistical and the other
sources of systematic uncertainties added in quadrature.
The ALICE d
2"prompt J/!
dydpt measurement at mid-rapidity (Fig. 4) is complementary to the data of CMS, avail-able for |y|< 0.9 and pt > 8 GeV/c, and ATLAS, which covers the region |y|< 0.75 and pt > 7 GeV/c.
The results are compared to next-to-leading order (NLO) non-relativistic QCD (NRQCD) theoretical
calculations by M. Butenscho¨n and B.A. Kniehl [19] and Y.-Q. Ma et al. [20]. Both calculations in-
clude color-singlet (CS), color-octet (CO), and heavier charmonium feed-down contributions. For one
of the two models (M. Butenscho¨n and B.A. Kniehl) the partial results with only the CS contribution
are also shown. The comparison suggests that the CO processes are indispensable to describe the data.
Figure 2: (left) λθ and λφ parameter as a function of pT for inclusive J/ψ, measured in the HE (cl sed squares) and CS (open circles) reference
frames [19]. (right) The fraction of J/ψ from the decay of b-hadrons as a function of pT of J/ψ compared with other LHC results [20].
Cu-Cu collisions at
√
sNN = 200 GeV (RHIC). Therefore, similarities between pp collisions at LHC and Cu-Cu
collisions at RHIC might be found. ALICE measurements indicate a substantial increase (linear) of the relative (with
respect to MB pp yield) J/ψ yield as a function of the relative multiplicity. This is a non-trivial result since some
theoretical calculations (PYTHIA 6.4) predicts the opposite effect.
Finally, we present the ALICE measurement of the fraction fB of the J/ψ coming from the decay of long-lived
beauty hadrons in pp collisions at
√
s = 7 TeV [22]. The kinematic region that can be explored, down to low pT
(pT> 1.3 GeV/c) at mid-rapidity (|y| < 0.9), is unique at the LHC. This analysis is feasible in the central barrel thanks
to the good vertex position resolution which allows to distinguish prompt J/ψ (decaying at the primary vertex) from
non-prompt J/ψ (decaying at a secondary vertex displaced respect to the primary vertex). Figure 2 (right) shows the
fraction of J/ψ from the decay of b-hadrons as a function of the J/ψ pT compared with other LHC results in pp collisions
at
√
s = 7 TeV. As can be seen, ALICE provides the data points at low pT not accessible by other experiments.
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